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FIG. 5
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ULTRASOUND DIAGNOSIS APPARATUS

TECHNICAL FIELD

[0001] Embodiments described herein relate generally to
an ultrasound diagnosis apparatus.

BACKGROUND ART

[0002] Foran ultrasound diagnosis apparatus, there is tech-
nology known as compound scanning. In compound scan-
ning, ultrasound waves (transmission beams) are transmitted
to a subject by changing the deflection angle. Furthermore, in
compound scanning, a plurality of ultrasound image data is
generated based on each transmission beam that has a differ-
ent deflection angle. Furthermore, in compound scanning,
these multiple ultrasound image data are composed and dis-
played. One example of a method of compounding ultrasound
image data is averaging. The strength of echo signals received
by the ultrasound diagnosis apparatus changes depending on
the angle formed by a structure inside an organism and a
transmission beam. For example, if the short axis cross-sec-
tion of a blood vessel is scanned using a linear ultrasound
probe, the intima above and below the blood vessel is visual-
ized relatively clearly, but the intima on the left and right is
difficult to visualize. Therefore, by compounding a plurality
of ultrasound images in which the deflection angle of the
transmission beam has been changed, deficits in echo signals
caused by angular dependence are mutually interpolated. As
a result, it is possible to more clearly visualize the structure.
Moreover, when the deflection angle of the transmission
beam changes, the generated position and strength of artifacts
such as side lobes or reverberation change. By averaging a
plurality of ultrasound images in which the deflection angle
of the transmission beam has been changed, it is possible to
relatively reduce artifacts.

PRIOR ART LITERATURE
Patent Document

[0003] [Patent Document 1] Japanese Unexamined Patent
Application Publication No. 2009-82469

OUTLINE OF THE INVENTION
Problem To Be Solved By the Invention

[0004] However, when scanning a certain area, even if
image data with high sensitivity is obtained with transmission
beams of a specific deflection angle, when scanning is per-
formed with transmission beams of a different deflection
angle, image data with reduced sensitivity may be obtained.
When image data with high sensitivity and image data with
low sensitivity are thus averaged, the signal strength of that
area is decreased. Methods of preventing decreases in signal
strength include a method of displaying the maximum value
among the pixel values of a specific position from among a
plurality of ultrasound image data. Based on this method, it is
possible to prevent decreases in signals of a structure, but
artifacts may become more noticeable.
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[0005] The objective of the embodiment is to provide an
ultrasound diagnosis apparatus that is able to generate an
image of a structure in which the sensitivity is high and
artifacts are not noticeable.

Means For Solving the Problem

[0006] An ultrasound diagnosis apparatus according the
present embodiment, includes an image-capturing part, a cal-
culator and a composition part. The image-capturing part
deflects ultrasound waves at a plurality of different deflection
angles, transmits ultrasound waves to a subject, receives echo
signals from the subject, and generates a plurality of ultra-
sound image data in which the deflection angles of the ultra-
sound waves are different for each. The calculator, based on
the plurality of ultrasound image data, obtains the trend of the
angular dependence of the plurality of ultrasound image data
on the deflection angles. The composition part weighs each of
the plurality of ultrasound image data in accordance with the
trend of said angular dependence, and composes the plurality
of ultrasound image data.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] FIG.1is ablock diagram of the ultrasound diagno-
sis apparatus according to the first embodiment.

[0008] FIG. 2 is a diagram illustrating the concept of scan-
ning.

[0009] FIG. 3 is a diagram schematically showing ultra-
sound images.

[0010] FIG. 4 is a diagram illustrating the concept of scan-
ning.

[0011] FIG. 5 is a flowchart showing the series of opera-

tions by the ultrasound diagnosis apparatus according to the
first embodiment.

[0012] FIG. 6is a block diagram of the ultrasound diagno-
sis apparatus according to the second embodiment.

[0013] FIG. 7 is a flowchart showing the series of opera-
tions by the ultrasound diagnosis apparatus according to the
second embodiment.

MODE FOR CARRYING OUT THE INVENTION
First Embodiment

[0014] An ultrasound diagnosis apparatus according to a
first embodiment is explained with reference to FIG. 1. FIG.
1 is a block diagram of an ultrasound diagnosis apparatus
according to the first embodiment. The ultrasound diagnosis
apparatus according to the first embodiment includes an ultra-
sound probe 1, a transceiver 2, a signal-processing part 3, an
image-generating part 4, a calculator 5, a composition part 6,
a display controller 7, a user interface (UI) 8, and a controller

Ultrasound Probe 1

[0015] For the ultrasound probe 1, a one-dimensional array
probe in which multiple ultrasound transducers are arranged
in a single row in the scanning direction may be used, or a
two-dimensional array probe in which multiple ultrasound
transducers are arranged two-dimensionally may be used.
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The ultrasound probe 1 transmits ultrasound waves to a sub-
ject, and receives reflected waves from the subject as echo
signals.

Transceiver 2

[0016] The transceiver 2 includes a transmitter 21 and a
receiver 22. The transceiver 2 feeds electrical signals to the
ultrasound probe 1 to generate ultrasound waves. Moreover,
the transceiver 2 receives echo signals received by the ultra-
sound probe 1.

Transmitter 21

[0017] The transmitter 21 feeds electrical signals to the
ultrasound probe 1 to generate ultrasound waves. The trans-
mitter 21 feeds electrical signals to the ultrasound probe 1 to
transmit ultrasound waves that are beam-formed (transmis-
sion beam-formed) to a prescribed focal point. The transmit-
ter 21 includes, for example, a clock generator, a transmission
delay circuit, and a pulser circuit that are not shown in the
diagram. The clock generator generates clock signals that
determine the transmission timing and transmission fre-
quency of ultrasound signals. The transmission delay circuit
applies a delay at the time of transmission of ultrasound
waves. Specifically, the transmission delay circuit focuses the
ultrasound waves at a prescribed depth based on a delay time
for focusing, transmits the ultrasound waves in a prescribed
direction based on a delay time for deflection, and performs
transmission focus. The pulser circuit includes pulsers for
several individual channels corresponding to each ultrasound
transducer. The pulser circuit generates a drive pulse at a
transmission timing to which a delay has been applied, and
feeds the drive pulse to each ultrasound transducer of the
ultrasound probe 1.

Receiver 22

[0018] The receiver 22 receives echo signals received by
the ultrasound probe 1. Moreover, the receiver 22 performs a
delay process for the echo signals. As a result of this process,
the analog echo signals are converted into phased (reception
beam-formed) digital data. The receiver 22 includes, for
example, a preamplifier circuit, an A/D converter, a reception
delay circuit, and an adder that are not shown in the diagram.
The preamplifier circuit amplifies echo signals output from
each ultrasound transducer of the ultrasound probe 1 for each
reception channel. The A/D converter converts the amplified
echo signals into digital signals. To the echo signals that have
been converted into digital signals, the reception delay circuit
applies a delay time necessary for determining the reception
directivity. Specifically, the reception delay circuit applies to
the digital echo signals a focusing delay time for focusing
ultrasound waves from a prescribed depth, and a reception
delay time for deflection for setting the reception directivity
relative to a prescribed direction. The adder adds the echo
signals to which the delay time has been applied. As a result
of'this addition, reflected components from the direction cor-
responding to the reception directivity are emphasized. In
other words, echo signals obtained from a prescribed direc-
tion are phased and added by the reception delay circuit and
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the adder. The receiver 22 outputs the echo signals that have
undergone the delay process to the signal-processing part 3.

Signal-Processing Part 3

[0019] Thesignal-processing part 3 includes a B-mode pro-
cessing part. The B-mode processing part receives echo sig-
nals from the receiver 22 and performs visualization of the
amplitude information of the echo signals. Specifically, the
B-mode processing part performs a band-pass filtration pro-
cess on the echo signals. Then, the B-mode processing part
detects the envelope curve of the output signals, and performs
a compression process based on logarithmic conversion on
the detected data. Moreover, the signal-processing part 3 may
include a CFM (Color Flow Mapping) processing part. The
CFM processing part performs visualization of blood-flow
information. Blood-flow information is obtained as binarized
information. Blood-flow information includes information
such as velocity, distribution, or power. Moreover, the signal-
processing part 3 may include a Doppler processing part. The
Doppler processing part performs phase detection of the echo
signals to extract a Doppler shift frequency component.
Moreover, the Doppler processing part generates a Doppler
frequency distribution representing the blood-flow velocity
by performing an FFT process. The signal-processing part 3
outputs the echo signals (ultrasound raster data) that have
undergone signal processing to the image-generating part 4.

Image-Generating Part 4

[0020] The image-generating part 4 generates ultrasound
image data based on signal-processed echo signals (ultra-
sound raster data) output from the signal-processing part 3.
The image-generating part 4 includes, for example, a DSC
(Digital Scan Converter). The image-generating part 4 con-
verts signal-processed echo signals represented in signal
sequences of the scanning lines into image data represented in
an orthogonal coordinate system (scan conversion process).
The image-generating part 4 performs a scan conversion pro-
cess on echo signals that have undergone signal processing by
the B-mode processing part. As a result of this scan conver-
sion process, B-mode image data representing the shape of a
tissue of the subject is generated. The image-generating part
4 outputs ultrasound image data to both the calculator 5 and
the composition part 6.

[0021] For example, the ultrasound probe 1 and the trans-
ceiver 2 scan a cross-section inside the subject using ultra-
sound waves. The image-generating part 4 generates B-mode
image data (tomographic image data) providing a two-dimen-
sional representation of the shape of a tissue in the cross-
section. Moreover, the ultrasound probe 1 and the transceiver
2 may also acquire volume data by scanning a three-dimen-
sional region with ultrasound waves. In this case, the image-
generating part 4 may perform volume rendering on the vol-
ume data. As a result of volume rendering, three-dimensional
image data representing the shape of a tissue in three dimen-
sions are generated. Alternatively, the image-generating part
4 may perform an MPR (Multi Planar Reconstruction) pro-
cess on the volume data. As a result of the MPR process,
image data (MPR image data) of an arbitrary cross-section is
generated. It should be noted that the ultrasound probe 1, the
transceiver 2, the signal-processing part 3, and the image-
generating part 4 configure one example of an “image-cap-
turing part.”
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[0022] The ultrasound diagnosis apparatus according to the
present embodiment may include an image memory (not
shown). The image memory stores data obtained by the ultra-
sound diagnosis apparatus according to the present embodi-
ment. For example, the image memory stores echo signals
output from the receiver 22. Moreover, the image memory
may store ultrasound raster data output from the signal-pro-
cessing part 3. Moreover, the image memory may store ultra-
sound image data, such as tomographic image data, output
from the image-generating part 4.

Compound Scanning

[0023] The ultrasound diagnosis apparatus according to the
present embodiment deflects ultrasound waves at multiple
different deflection angles and transmits and receives ultra-
sound waves. Moreover, based on the received echo signals,
the ultrasound diagnosis apparatus generates a plurality of
ultrasound image data in which the deflection angle of the
ultrasound waves is different for each. For example, the con-
troller 9 controls the deflection angle. The controller 9 outputs
control signals including information indicating a deflection
angle to the transceiver 2. The transceiver 2, under the control
ofthe controller 9, changes the deflection angle and transmits
and receives ultrasound waves. The operator may input a
desired deflection angle using an operation part 82, or the
deflection angle may be preset in the controller 9. For
example, when the operator inputs multiple different deflec-
tion angles using the operation part 82, information indicating
each deflection angle is output from the user interface (UI) 8
to the controller 9. The controller 9 controls the transmission
and reception of ultrasound waves by the transceiver 2 in
accordance with the deflection angles input from the opera-
tion part 82. It should be noted that a scan in which ultrasound
waves are transmitted and received in the directions of mul-
tiple different deflection angles is sometimes referred to as a
compound scan. The following is a description of a com-
pound scan, with reference to FIG. 2. FIG. 2 is a diagram
showing a concept of a scan. In the present embodiment, a
case is described in which tomographic image data is gener-
ated as one example of ultrasound image data.

[0024] As an example, the following is a description of a
case in which ultrasound waves are deflected at three different
deflection angles and the ultrasound waves are transmitted
and received, and three tomographic image data that each
have different deflection angles is generated. Under the con-
trol of the controller 9, the transceiver 2 deflects ultrasound
waves at each of a first deflection angle, a second deflection
angle, and a third deflection angle and transmits and receives
ultrasound waves. The first deflection angle is the angle
between the second deflection angle and the third deflection
angle. The following is a description of a case in which, as an
example of the first deflection angle, the angle of deflection is
0°. In other words, the first deflection angle corresponds to an
angle in which the ultrasound waves are not deflected. The
second deflection angle and the third deflection angle are
deflection angles on mutually opposite sides in regard to the
first deflection angle. The first deflection angle, the second
deflection angle, and the third deflection angle may be input
by the operator using the operation part 82.

[0025] The image-generating part 4 generates tomographic
image data C in which the ultrasound waves have been
deflected at the first deflection angle. Moreover, the image-
generating part 4 generates tomographic image data L1 in
which the ultrasound waves have been deflected at the second
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deflection angle. Moreover, the image-generating part 4 gen-
erates tomographic image data R1 in which the ultrasound
waves have been deflected at the third deflection angle. FIG.
2 is a schematic diagram of the respective tomographic image
data. The tomographic image data C shown in FIG. 2 is image
data in which the ultrasound waves have been deflected at the
first deflection angle (deflection angle of 0°). In other words,
the tomographic image data C is image data obtained without
deflecting the ultrasound waves. The tomographic image data
L1 is image data in which the ultrasound waves have been
deflected at the second deflection angle (left side in FIG. 2).
The tomographic image data R1 is image data in which the
ultrasound waves have been deflected at the third deflection
angle (right side in FIG. 2). The tomographic image data C,
the tomographic image data L1, and the tomographic image
data R1 are composed by the composition part 6 described
below. As a result of this composition, the composite image
data TC shown in FIG. 2 is generated.

Relationship Between the Deflection Angle of the
Ultrasound Waves And the Echo Signal Strength

[0026] The following is a description of the relationship
between the deflection angle of the ultrasound waves and the
strength of the echo signals, with reference to FIG. 3. FIG. 3
is a schematic diagram of an ultrasound image. In each of the
tomographic image data C, the tomographic image data 1,
and the tomographic image data R1, images of blood vessels
in the same short axis cross-section are shown. In the tomo-
graphic image data C, a blood-vessel image 200 is shown. In
the tomographic image data [.1, a blood-vessel image 300 is
shown. In the tomographic image data R1, a blood-vessel
image 400 is shown. The blood-vessel image 200, the blood-
vessel image 300, and the blood-vessel image 400 are each
images of the same short axis cross-section.

[0027] Even for a single structure of an organism, the
strength of echo signals from a structure perpendicular to the
transmission beams (ultrasound waves) becomes relatively
high. Even though the position of the structure itself does not
change, the distribution of the strength of the echo signals
changes depending on the deflection angle of the transmis-
sion beams. At the same time, it appears an artifact on the axis
of the transmission beams and the reception beams, at the
position of the integral multiple of the distance to the ultra-
sound probe 1. This artifact is generated as a result of multiple
reflections occurred at the structure of the organism and the
surface of the ultrasound probe 1.

[0028] For example, in the tomographic image data C,
within the blood-vessel image 200, a region 210 is a region
that is perpendicular to the transmission beams. As a result,
the strength of echo signals from the region 210 becomes
relatively high. Because the tomographic image data C is an
image based on ultrasound waves with a deflection angle of
0°, the region 210 corresponding to the upper and lower
blood-vessel walls is visualized clearly. Moreover, on the axis
of the transmission beams, a virtual image 220 appears.
[0029] Inthetomographic image data L1, within the blood-
vessel image 300, a region 310 is a region that is perpendicu-
lar to the transmission beams. As a result, the strength of echo
signals from the region 310 becomes relatively high. Because
the tomographic image data L1 is an image based on ultra-
sound waves deflected at the second deflection angle (left side
in FIG. 2), the transmission beams are transmitted from the
right side of the blood vessel. As a result, the region 310 that
is tilted in accordance with the second deflection angle is
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visualized clearly. Moreover, a virtual image 320 also appears
at a tilted position in accordance with the second deflection
angle.

[0030] Inthetomographic image data R1, within the blood-
vessel image 400, a region 410 is a region that is perpendicu-
lar to the transmission beams. As a result, the strength of echo
signals from the region 410 becomes relatively high. Because
the tomographic image data R1 is an image based on ultra-
sound waves deflected at the third deflection angle (right side
in FIG. 2), the transmission beams are transmitted from the
left side of the blood vessel. As a result, the region 410 that is
tilted in accordance with the third deflection angle is visual-
ized clearly. Moreover, a virtual image 420 also appears at a
tilted position in accordance with the third deflection angle.
[0031] As described above, when the deflection angle of
transmission beams changes, the distribution of the strength
of'echo signals from a structure changes. Moreover, when the
deflection angle of transmission beams changes, the position
at which an artifact is generated and its strength also changes.
In the present embodiment, changes in the strength distribu-
tion of echo signals from a structure caused by the deflection
angle of transmission beams, as well as changes in the gen-
erated position of an artifact caused by the deflection angle of
transmission beams, are patternized. For example, the
strength distribution of echo signals from a structure and the
generated position of an artifact are classified according to the
deflection angle of the transmission beams. Furthermore,
these classifications are predefined as patterns of the angular
dependence (trends of the angular dependence) of the trans-
mission beams.

Patterns of Angular Dependence

[0032] The following shows an example of patterns of
angular dependence.

[0033] Pattern SC: Echo signals from a structure easily
reflecting transmission beams of the first deflection angle
(deflection angle of) 0°.

[0034] Pattern SL: Echo signals from a structure easily
reflecting transmission beams of the second deflection angle
(deflected to the left side).

[0035] Pattern SR: Echo signals from a structure easily
reflecting transmission beams of the third deflection angle
(deflected to the right side).

[0036] Pattern AC: Artifact easily generated with transmis-
sion beams of the first deflection angle (deflection angle of
0°).

[0037] Pattern AL: Artifact easily generated with transmis-
sion beams of the second deflection angle (deflected to the left
side).

[0038] Pattern AR: Artifact easily generated with transmis-
sion beams of the third deflection angle (deflected to the right
side).

[0039] In the tomographic image data C shown in FIG. 3,

the image of the region 210 corresponding to the blood-vessel
wall corresponds to an image of the pattern SC. Moreover, in
the tomographic image data C, the virtual image 220 corre-
sponds to an artifact of the pattern AC. Moreover, in the
tomographic image data L1 shown in FIG. 3, the image of the
region 310 corresponding to the blood-vessel wall corre-
sponds to an image of the pattern SL. Moreover, in the tomo-
graphic image data [.1, the virtual image 320 corresponds to
an artifact of the pattern AL. Moreover, in the tomographic
image data R1 shown in FIG. 3, the image of the region 410
corresponding to the blood-vessel wall corresponds to an
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image of the pattern SR. Moreover, in the tomographic image
dataR1, the virtual image 420 corresponds to an artifact of the
pattern AR.

Calculator 5

[0040] The calculator 5 includes a difference-calculating
part 51 and an angular-dependence determination part 52.
The calculator 5 obtains the pattern of the angular depen-
dence (trend of the angular dependence) among a plurality of
ultrasound image data. The pattern of angular dependence is
obtained based on multiple tomographic image data in which
the deflection angle of ultrasound waves is different in each.

Difference-Calculating Part 51

[0041] The difference-calculating part 51 obtains the dif-
ferences between multiple tomographic image data in which
the deflection angle of ultrasound waves is different in each.
Moreover, the difference-calculating part 51 obtains the abso-
lute value of each difference. If ultrasound waves are
deflected at the first deflection angle, the second deflection
angle, and the third deflection angle, the difference-calculat-
ing part 51 obtains the difference between each pair of the
tomographic image data C (X, y), the tomographic image data
L1 (x,y), and the tomographic image data R1 (X, y). Then, the
difference-calculating part 51 obtains the absolute value of
each obtained difference. Specifically, the difference-calcu-
lating part 51 obtains differences of pixel values such as
luminance for each pixel (x, y), and also obtains the absolute
values of these differences for each pixel (x, y). In one
example, the difference-calculating part 51 obtains an abso-
lute value CR (x, y) of the difference between the tomo-
graphic image data C (X, y) and the tomographic image data
R1 (%, y) for each pixel (x, y). Moreover, the difference-
calculating part 51 obtains an absolute value CL (x, y) of the
difference between the tomographic image data C (x, y) and
the tomographic image data L1 for each pixel (x, y). More-
over, the difference-calculating part 51 obtains an absolute
value LR (x, y) of the difference between the tomographic
image data [L1 (%, y) and the tomographic image data R1 (x,y)
for each pixel (x, y). The following are formulae for the
absolute value CR (x, y), the absolute value CL (x, y), and the
absolute value LR (x, y).

CR(x, y)=IC(x, »)-R1(x, y)|
CL(x, )=IC, )-L1(x, y)|

LR(x, y)=IL1(x, )-R1(x, )|

[0042] The difference-calculating part 51 outputs the abso-
lute values CR (x, y), CL (%, y), and LR (x, y) of the differ-
ences obtained based on the above formulae to the angular-
dependence determination part 52.

[0043] The above absolute values CR (X, y), CL (%, y), and
LR (%, y) are used for determining the pattern of angular
dependence (trend of angular dependence) of the tomo-
graphic image data on the deflection angle. The absolute
values CR (%, y) and CL (X, y) are used for determining the
direction of angular dependence. Specifically, using the first
deflection angle as a standard, the absolute values CL (x, y)
and CR (X, y) indicate in which direction the dependence is
greater between the direction of the second deflection angle
(leftward direction) and the direction of the third deflection
angle (rightward direction). For example, if the absolute
value CR (X, y) is greater than a preset threshold value, this
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indicates that the dependence on the direction of the third
deflection angle (rightward direction) is greater. Moreover,
the absolute value LR (X, y) indicates the size of the degree of
angular dependence. As the difference between the tomo-
graphic image data L1 and the tomographic image data R1
becomes greater, the absolute value LR (X, y) becomes
greater. As a result, it is possible to determine the size of the
degree of angular dependence based on the absolute value LR
(X, y). It should be noted that the absolute value CR (x, y)
corresponds to one example of a first difference. Moreover,
the absolute value CL (x, y) corresponds to one example of a
second difference. Moreover, the absolute value LR (%, y)
corresponds to one example of a third difference.

Angular-Dependence Determination Part 52

[0044] The angular-dependence determination part 52
obtains the pattern of the angular dependence (trend of the
angular dependence) of a plurality of ultrasound image data
based on combinations of the absolute values of differences
obtained by the difference-calculating part 51. Specifically,
the angular-dependence determination part 52 determines the
direction of the deflection angle in which echo signals have a
relatively high strength. Alternatively, the angular-depen-
dence determination part 52 determines the direction of the
deflection angle in which the signal strength of an artifact is
relatively high. For example, the threshold value for the abso-
lute value CR (X, y) is defined as the threshold value Th1.
Moreover, the threshold value for the absolute value CL (x, y)
is defined as the threshold value Th2. Moreover, the threshold
value for the absolute value LR (x, y) is defined as the thresh-
old value Th3. These threshold values are standards for deter-
mining the pattern of angular dependence. These threshold
values are preliminarily stored in a memory (not shown).
Moreover, the operator may input the threshold values using
the operation part 82.

[0045] The angular-dependence determination part 52 uses
the threshold values Thl, Th2, Th3 to obtain an angular
dependence pattern ADP (x, y) for each pixel (%, y). In one
example, the angular dependence pattern ADP (x, y) is
obtained according to seven conditions.

First Condition

[0046] If CR (x, y)<Thl, CL (x, y)<Th2, and LR (x,
y)<Th3, the angular dependence pattern ADP (X, y) is defined
as “Pattern SC.” In other words, the angular-dependence
determination part 52 determines that the strength of echo
signals reflected from a structure due to transmission beams
of the first deflection angle (deflection angle of 0°) is rela-
tively high. If the absolute value CR (x, y) is less than the
threshold value Thl and the absolute value CL (X, y) is less
than the threshold value Th2, it is inferred that the echo
signals or artifacts are not dependent on the deflection angle.
In other words, if the difference between the tomographic
image data C (%, y) and the tomographic image data R1 (x, y)
is relatively small and the difference between the tomo-
graphic image data C (X, y) and the tomographic image data
L1 (x,y) is relatively small, it is inferred that the echo signals
or artifacts are not dependent on the deflection angle. More-
over, if the absolute value LR (%, y) is less than the threshold
value Th3, it is inferred that the difference between the tomo-
graphic image data L1 (X, y) and the tomographic image data
R1 (%, y) is small and that the dependence on the direction of
the second deflection angle (leftward direction) or the direc-
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tion of the third deflection angle (rightward direction) is
small. Consequently, if the absolute value CR (X, y), the
absolute value CL (x,y), and the absolute value LR (x, y) meet
the first condition, the angular-dependence determination
part 52 defines the angular dependence pattern ADP (x, y) as
“Pattern SC.”

Second Condition

[0047] If CR (x, y)<Thl, CL (x, y)>Th2, and LR (x,
y)>Th3, the angular dependence pattern ADP (x, y) is defined
as “Pattern SL.” In other words, the angular-dependence
determination part 52 determines that the strength of echo
signals reflected from a structure due to transmission beams
of the second deflection angle (deflected to the left side) is
relatively high. If the absolute value CR (X, y) is less than the
threshold value Th1 and the absolute value CL (x, y) is greater
than the threshold value Th2, it is inferred that the echo
signals or artifacts have angular dependence on the direction
of the second deflection angle (leftward direction). In other
words, if the difference between the tomographic image data
C (X, y) and the tomographic image data R1 (x, y) is relatively
small and the difference between the tomographic image data
C (x,y) and the tomographic image data L1 (X, y) is relatively
large, it is inferred that the echo signals or artifacts have
angular dependence on the direction of the second deflection
angle (leftward direction). Moreover, if the absolute value LR
(x,y)is greater than the threshold value Th3, it is inferred that
in the tomographic image data L1 (x, y) and the tomographic
image data R1 (x, y), the difference in the strength of the echo
signals from the structure is large. Because the signal strength
of artifacts is relatively low, even if there is angular depen-
dence, it is inferred that the difference between the tomo-
graphic image data L1 (X, y) and the tomographic image data
R1 (x,y) becomes relatively small, and that the absolute value
LR (x, y) becomes less than the threshold value Th3. On the
other hand, because the strength of echo signals from the
structure is relatively high, if there is angular dependence, it is
inferred that the difference between the tomographic image
data L1 (X, y) and the tomographic image data R1 (%, y)
becomes relatively great, and that the absolute value LR (X, y)
becomes greater than the threshold value Th3. Consequently,
it is inferred that the difference between the tomographic
image data C (x, y) and the tomographic image data L1 (x, y)
is the difference in strength of the echo signals from the
structure. Therefore, if the absolute value CR (x, y), the abso-
lute value CL (%, y), and the absolute value LR (%, y) meet the
second condition, the angular-dependence determination part
52 defines the angular dependence pattern ADP (x, y) as
“Pattern SL.”

Third Condition

[0048] If CR (x, y)>Thl, CL (%, y)<Th2, and LR (x,
y)>Th3, the angular dependence pattern ADP (x, y) is defined
as “Pattern SR In other words, the angular-dependence
determination part 52 determines that the strength of echo
signals reflected from a structure due to transmission beams
of the third deflection angle (deflected to the right side) is
relatively high. If the absolute value CR (x, y) is greater than
the threshold value Th1 and the absolute value CL (%, y) is less
than the threshold value Th2, it is inferred that the echo
signals or artifacts have angular dependence on the direction
of the third deflection angle (rightward direction). In other
words, if the difference between the tomographic image data
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C (%, y) and the tomographic image data R1 (x, y) is relatively
great and the difference between the tomographic image data
C and the tomographic image data L1 is relatively small, it is
inferred that the echo signals or artifacts have angular depen-
dence on the direction of the third deflection angle (rightward
direction). Moreover, as in the second condition, if the abso-
lute value LR (X, y) is greater than the threshold value Th3, it
is inferred that in the tomographic image data L1 (x, y) and the
tomographic image data R1 (x, y), the difference in strength
of the echo signals from the structure is great. Consequently,
it is inferred that the difference between the tomographic
image data C (%, y) and the tomographic image data R1 (x, y)
is the difference in strength of the echo signals from the
structure. Consequently, if the absolute value CR (x, y), the
absolute value CL (X, y), and the absolute value LR (x, y) meet
the third condition, the angular-dependence determination
part 52 defines the angular dependence pattern ADP (x, y) as
“Pattern SR.”

Fourth Condition

[0049] If CR (x, y)>Thl, CL (x, y)»Th2, and LR (x,
y)<Th3, the angular dependence pattern ADP (x, y) is defined
as “Pattern AC” In other words, the angular-dependence
determination part 52 determines that artifacts are easily gen-
erated by transmission beams of the first deflection angle
(deflection angle of 0°). If the absolute value CR (X, y) is
greater than the threshold value Thl and the absolute value
CL (%, y) is greater than the threshold value Th2, it is inferred
that the echo signals or artifacts have angular dependence on
the second deflection angle (leftward direction) and the third
deflection angle (rightward direction). In other words, if the
difference between the tomographic image data C (x, y) and
the tomographic image data R1 (X, y) is relatively great and
the difference between the tomographic image data C (x, y)
and the tomographic image data L1 (x, y) is relatively great,
it is inferred that the echo signals or artifacts have angular
dependence on the direction of the second deflection angle
(leftward direction) or the direction of the third deflection
angle (rightward direction). Moreover, if the absolute value
LR (x,y) is less than the threshold value Th3, it is inferred that
in the tomographic image data L1 (x, y) and the tomographic
image data R1 (x, y), the difference in strength of echo signals
from the structure is small. As described above, because the
strength of the echo signals from the structure is relatively
high, if there is angular dependence, it is inferred that the
difference between the tomographic image data [.1 (x, y) and
the tomographic image data R1 (x, y) becomes relatively
great and that the absolute value LR (x, y) becomes greater
than the threshold value Th3. On the other hand, because the
signal strength of artifacts is relatively low, even if there is
angular dependence, it is inferred that the difference between
the tomographic image data L1 (X, y) and the tomographic
image data R1 (x, y) becomes relatively small and that the
absolute value LR (x, y) becomes less than the threshold value
Th3. Consequently, it is inferred that the difference between
the tomographic image data C (X, y) and the tomographic
image data R1 (x, y) is the difference in signal strength of the
artifacts. Moreover, it is inferred that the difference between
the tomographic image data C (X, y) and the tomographic
image data L1 (X, y) is the difference in signal strength of the
artifacts. Consequently, if the absolute value CR (x, y), the
absolute value CL (X, y), and the absolute value LR (x, y) meet
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the fourth condition, the angular-dependence determination
part 52 defines the angular dependence pattern ADP (x, y) as
“Pattern AC.”

Fifth Condition

[0050] If CR (x, y)<Thl, CL (x, y)>Th2, and LR (x,
y)<Th3, the angular dependence pattern ADP (x, y) is defined
as “Pattern AL’ In other words, the angular-dependence
determination part 52 determines that artifacts are easily gen-
erated by transmission beams of the second deflection angle
(deflected to the left side). As with the second condition, ifthe
absolute value CR (x, y) is less than the threshold value Thl
and the absolute value CL (x, y) is greater than the threshold
value Th2, it is inferred that the echo signals or artifacts have
angular dependence on the direction of the second deflection
angle (leftward direction). Moreover, as with the fourth con-
dition, if the absolute value LR (x, y) is less than the threshold
value Th3, it is inferred that in the tomographic image data [.1
(x,y) and the tomographic image dataR1 (x, y), the difference
in strength of echo signals from the structure is small. Con-
sequently, it is inferred that the difference between the tomo-
graphic image data C (X, y) and the tomographic image data
L1 (x,y)is the difference in the signal strength of the artifacts.
Consequently, if the absolute value CR (X, y), the absolute
value CL (X, y), and the absolute value LR (X, y) meet the fifth
condition, the angular-dependence determination part 52
defines the angular dependence pattern ADP (x, y) as “Pattern
AL”

Sixth Condition

[0051] If CR (x, y)>Thl, CL (x, y)<Th2, and LR (x,
y)<Th3, the angular dependence pattern ADP (x, y) is defined
as “Pattern AR.” In other words, the angular-dependence
determination part 52 determines that artifacts are easily gen-
erated by transmission beams of the third deflection angle
(deflected to the right side). As with the third condition, if the
absolute value CR (X, y) is greater than the threshold value
Th1 and the absolute value CL (X, y) is less than the threshold
value Th2, it is inferred that the echo signals or artifacts have
angular dependence on the direction of the third deflection
angle (rightward direction). Moreover, as with the fourth
condition, if the absolute value LR (x, y) is less than the
threshold value Th3, it is inferred that in the tomographic
image data L1 (x, y) and the tomographic image data R1 (x,
y), the difference in the strength of echo signals from the
structure is small. Consequently, it is inferred that the differ-
ence between the tomographic image data C (x, y) and the
tomographic image data R1 (x, y) is the difference in the
signal strength of the artifacts. Consequently, if the absolute
value CR (X, y), the absolute value CL (x, y), and the absolute
value LR (X, y) meet the sixth condition, the angular-depen-
dence determination part 52 defines the angular dependence
pattern ADP (x, y) as “Pattern AR

Seventh Condition

[0052] Iftheabsolute value CR (x,y), the absolute value CL
(%,y), and the absolute value LR (x, y) do not meet any of the
above first to sixth conditions, the angular-dependence deter-
mination part 52 defines the angular dependence pattern ADP
(x,y) as “Pattern 0.”
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[0053] The angular-dependence determination part 52 out-
puts pattern information indicating the angular dependence
pattern ADP (x, y) of each pixel (x, y) to the composition part
6.

Composition Part 6

[0054] The composition part 6 generates composite image
data by weighting each of multiple tomographic image data
and composing them. In the present embodiment, the com-
position part 6 changes the weight of each pixel (x, y) of
multiple tomographic image data according to the angular
dependence pattern ADP (x, y) of each pixel (x, y). Based on
this weighting, the composition part 6 composes multiple
tomographic image data. For example, the composition part 6
changes the weights of the pixels (X, y) of each of the tomo-
graphic image data C (X, y), the tomographic image data [.1
(%, ), and the tomographic image data R1 (x, y) according to
the angular dependence pattern ADP (x, y). Based on this
weighting, the composition part 6 composes the tomographic
image data C (X, y), the tomographic image data L1 (X, y), and
the tomographic image data R1 (x, y). In this way, the com-
position part 6 generates the composite image data TC (x, y).
The following is a description of a method of composition
according to the angular dependence pattern ADP (x, y).

Case of Pattern SC

[0055] If the angular dependence pattern ADP (x, y) is
“Pattern SC”, the composition part 6 obtains the composite
image data TC (x, y) according to the following formula:

TC(x, y)={C(x, y)+L1(x, »)+R1(x, y)}/3

[0056] If the strength of echo signals reflected from the
structure due to transmission beams of the first deflection
angle (deflection angle of 0°) is relatively high, the composi-
tion part 6 averages all of the tomographic image data. As a
result of this averaging, the composition part 6 generates the
composite image data TC (x, y). That is, the composition part
6 gives equal weight to each of the tomographic image data C
(X, y), the tomographic image L1 (X, y), and the tomographic
image data R1 (x, y) and adds them. As a result of this
addition, the composition part 6 generates the composite
image data TC (x, y). In other words, the composition part 6
selects all of the tomographic image data from among the
tomographic image data C (X, y), the tomographic image data
L1 (%, y), and the tomographic image data R1 (x, y), and
averages all of the tomographic image data. As a result of this
averaging, the composition part 6 generates the composite
image data TC (x, y).

Case of Pattern SL If the angular dependence pattern
ADP (x, y) is “Pattern SL”, the composition part 6
obtains the composite image data TC (X, y)
according to the following formula:

[0057]
TC(x, y)={C(x, y)+L1(x, ) }/2
[0058] If the strength of echo signals reflected from the

structure due to transmission beams of the second deflection
angle (deflected to the left side) is relatively high, the com-
position part 6 averages the tomographic image data C (%, y)
and the tomographic image data L1 (X, y). As a result of this
averaging, the composition part 6 generates the composite
image data TC (X, y). In other words, the composition part 6
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assigns a weight of “0.5” to the tomographic image data C (x,
y) and the tomographic image data L1 (x, y), and assigns a
weight of “0” to the tomographic image data R1 (x, y). Based
on this weighting, the composition part 6 adds the tomo-
graphic image data C (X, y), the tomographic image data [.1
(%, ), and the tomographic image data R1 (x, y). As a result
of this addition, the composition part 6 generates the com-
posite image data TC (x, y). In other words, the composition
part 6 selects the tomographic image data C (X, y) and the
tomographic image data L1 (x, y) from among the tomo-
graphic image data C (X, y), the tomographic image data [.1
(x,y), and the tomographic image data R1 (x, y), and averages
the tomographic image data C (x, y) and the tomographic
image data L1 (X, y). As a result of this averaging, the com-
posite image data TC (x, y) is generated. If the angular depen-
dence pattern ADP (x, y) is Pattern SL, the two tomographic
image data, from among the three tomographic image data, in
which the sensitivity of the echo signals is high are averaged.
In this case, the two tomographic image data are the tomo-
graphic image data C and the tomographic image data L.1.
Because the tomographic image data R1, in which the sensi-
tivity is low, is not used for averaging, it is possible to reduce
decreases in sensitivity caused by averaging compared to
cases in which all three tomographic image data are averaged.

Case of Pattern SR

[0059] If the angular dependence pattern ADP (x, y) is
“Pattern SR,” the composition part 6 obtains the composite
image data TC (x, y) according to the following formula:

TC(x, p)={C(x, y)+R1(, y)}/2

[0060] If the strength of echo signals reflected from the
structure due to transmission beams of the third deflection
angle (deflected to the right side) is relatively high, the com-
position part 6 averages the tomographic image data C (X, y)
and the tomographic image data R1 (x, y). As a result of this
averaging, the composition part 6 generates the composite
image data TC (X, y). In other words, the composition part 6
assigns a weight of “0.5” to the tomographic image data C (x,
y) and the tomographic image data R1 (x, y), and assigns a
weight of “0” to the tomographic image data L1 (x, y). Based
on this weighting, the composition part 6 adds the tomo-
graphic image data C (X, y), the tomographic image data [.1
(%, ¥), and the tomographic image data R1 (x, y). As a result
of this addition, the composition part 6 generates the com-
posite image data TC (x, y). In other words, the composition
part 6 selects the tomographic image data C (X, y), and the
tomographic image data R1 (x, y) from among the tomo-
graphic image data C (x, y). the tomographic image data [.1
(x,y), and the tomographic image data R1 (x, y), and averages
the tomographic image data C (x, y) and the tomographic
image data R1 (X, y). As a result of this averaging, the com-
position part 6 generates the composite image data TC (X, y).
If the angular dependence pattern ADP (x, y) is Pattern SR,
the two tomographic image data, from among the three tomo-
graphic image data, in which the sensitivity of the echo sig-
nals is high are averaged. In this case, the two tomographic
image data are the tomographic image data C and the tomo-
graphic image data R1. Because the tomographic image data
L1, in which the sensitivity is low, is not used for averaging,
it is possible to reduce decreases in sensitivity caused by
averaging compared to cases in which all three tomographic
image data are averaged.

Case of Pattern AC

[0061] If the angular dependence pattern ADP (x, y) is
“Pattern AC”, the composition part 6 obtains the composite
image data TC (X, y) according to the following formula:

TC(x, y)={L1(x, »)+R1(x, y)})2
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[0062] If artifacts are easily generated due to transmission
beams of'the first deflection angle (deflection angle of 0°), the
composition part 6 averages the tomographic image data [.1
(%, y) and the tomographic image data R1 (X, y). As aresult of
this averaging, the composition part 6 generates the compos-
ite image data TC (X, y). In other words, the composition part
6 assigns a weight of “0” to the tomographic image data C (X,
y) and assigns a weight of “0.5” to the tomographic image
data L1 (x, y) and the tomographic image data R1 (x, y).
Based on this weighting, the composition part 6 adds the
tomographic image data C (X, y), the tomographic image data
L1 (x, y), and the tomographic image data R1 (x, y). As a
result of this addition, the composition part 6 generates the
composite image data TC (X, y). In other words, the compo-
sition part 6 selects the tomographic image data L1 (x, y) and
the tomographic image data R1 (x, y) from among the tomo-
graphic image data C (X, y), the tomographic image data [.1
(%, y), and the tomographic image data R1 (x, y), and averages
the tomographic image data .1 (X, y) and the tomographic
image data R1 (x, y). As a result of this averaging, the com-
position part 6 generates the composite image data TC. If the
angular dependence pattern ADP (%, y) is Pattern AC, the two
tomographic image data, from among the three tomographic
image data, in which the sensitivity of artifacts is low are
averaged. In this case, the two tomographic image data are the
tomographic image data L1 and the tomographic image data
R1. Because the tomographic image data C, in which the
sensitivity of artifacts is high, is not used for averaging, it is
possible to restrain increases of artifacts caused by averaging
compared to cases in which all three tomographic image data
are averaged.

Case of Pattern AL

[0063] If the angular dependence pattern ADP (x, y) is
“Pattern AL”, the composition part 6 obtains the composite
image data TC (x, y) according to the following formula:

TC(x, y)={C(x, y)+R1(x, »)}/2

[0064] If artifacts are easily generated due to transmission
beams of the second deflection angle (deflected to the left
side), the composition part 6 averages the tomographic image
data C (%, y) and the tomographic image data R1 (x, y). As a
result of this averaging, the composition part 6 generates the
composite image data TC (x, y). In other words, a weight of
“0” is assigned to the tomographic image data [.1 (x, y), and
aweight of “0.5” is assigned to the tomographic image data C
(%, y)and the tomographic image data R1 (x, y). Based on this
weighting, the composition part 6 adds the tomographic
image data C (X, y), the tomographic image data L1 (X, y), and
the tomographic image data R1 (x, y). As a result of this
addition, the composition part 6 generates the composite
image data TC (X, y). In other words, the composition part 6
selects the tomographic image data C (%, y) and the tomo-
graphic image data R1 (x, y) from among the tomographic
image data C (X, y), the tomographic image data L1 (X, y), and
the tomographic image data R1 (x, y), and averages the tomo-
graphic image data C (X, y) and the tomographic image data
R1 (x,y). As a result of this averaging, the composition part 6
generates the composite image data TC (x, y). If the angular
dependence pattern ADP (x, y) is Pattern AL, the two tomo-
graphic image data, from among the three tomographic image
data, in which the sensitivity of artifacts is low are averaged.
In this case, the two tomographic image data are the tomo-
graphic image data C and the tomographic image data R1.
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Because the tomographic image data L1, in which the sensi-
tivity of artifacts is high, is not used for averaging, it is
possible to restrain increases of artifacts caused by averaging
compared to cases in which all three tomographic image data
are averaged.

Case of Pattern AR

[0065] If the angular dependence pattern ADP (x, y) is
“Pattern AR”, the composition part 6 obtains the composite
image data TC (x, y) according to the following formula:

TC(x, )={C(x, )+L1(x, »)}/2

[0066] Ifartifacts are easily generated due to transmission
beams of the third deflection angle (deflected to the right
side), the composition part 6 averages the tomographic image
data C (%, y) and the tomographic image data L1 (X, y). As a
result of this averaging, the composition part 6 generates the
composite image data TC (X, y). In other words, the compo-
sition part 6 assigns a weight of ““0” to the tomographic image
data R1 (x, y), and assigns a weight of “0.5” to the tomo-
graphic image data C (X, y) and the tomographic image data
L1 (x, y). Based on this weighting, the composition part 6
adds the tomographic image data C (x, y), the tomographic
image data L1 (%, y), and the tomographic image data R1 (x,
y). As a result of this addition, the composition part 6 gener-
ates the composite image data TC (x, y). In other words, the
composition part 6 selects the tomographic image data C (x,
y) and the tomographic image data L1 (%, y) from among the
tomographic image data C (X, y), the tomographic image data
L1(x, y), and the tomographic image data R1 (x, y), and
averages the tomographic image data C (X, y) and the tomo-
graphic image data L1 (x, y). As a result of this averaging, the
composition part 6 generates the composite image data TC. If
the angular dependence pattern ADP (x, y) is Pattern AR, the
two tomographic image data, from among the three tomo-
graphic image data, in which the sensitivity of artifacts is low
are averaged. In this case, the two tomographic image data are
the tomographic image data C and the tomographic image
data 1. Because the tomographic image data R1, in which
the sensitivity of artifacts is high, is not used for averaging, it
is possible to restrain increases of artifacts caused by averag-
ing compared to cases in which all three tomographic image
data are averaged.

Case of Pattern 0

[0067] If the angular dependence pattern ADP (x, y) is
“Pattern 0,” the composition part 6 obtains the composite
image data TC (x, y) according to the following formula:

TC(x, )={C(x, W+L1(x, y)+R1(x, y)}/3

[0068] By performing the above composition for each pixel
(X, ¥), the composition part 6 generates the composite image
data TC (x, y) for each pixel (%, y). The composition part 6
outputs the composite image data TC (x, y) to the display
controller 7.

[0069] Asdescribed above, if the echo signals from a struc-
ture have angular dependence, it is possible to prevent
decreases in sensitivity caused by averaging tomographic
image data with high sensitivity from among the three tomo-
graphic image data. Moreover, if the artifacts have angular
dependence, it is possible to restrain increases of artifacts
caused by averaging tomographic image data with low sen-
sitivity from among the three tomographic image data. In
other words, for echo signals from a structure, tomographic
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image data with high sensitivity are selected, and for artifacts,
tomographic image data with low sensitivity are selected.
Based on these factors, it becomes possible to generate
images with high sensitivity for structures and unnoticeable
artifacts. As a result, compared to images based on artifacts,
the visibility of images based on biological signals (echo
signals from structures) improves.

Modified Example of Composition Method

[0070] The following is a description of a modified
example of the composition method. The composition part 6
may generate the composite image data TC (x, y) by using the
maximum or minimum pixel values from among multiple
tomographic image data.

[0071] Forexample, ifthe angular dependence pattern ADP
(%, y) is any one of “Pattern SC,” “Pattern SL,” or “Pattern
SR,” the composition part 6 obtains the composite image data
TC (%, y) according to the following formula:

TC(, y)=Max{C(, y), L1(, »), R1(x, )}

[0072] If the echo signals from a structure have angular
dependence, the composition part 6 generates the composite
image data TC (X, y) using the maximum pixel value from
among the three tomographic image data. In other words, the
composition part 6 selects the maximum pixel value from
among the tomographic image data C (x, y), the tomographic
image data L1 (%, y), and the tomographic image data R1 (x,
y) to generate the composite image data TC (X, y).

[0073] In other words, the composition part 6 assigns a
weight of “1” to the maximum pixel value, and assigns a
weight of “0” to pixel values other than the maximum value,
and performs weighted addition of the tomographic image
data C (x, y), the tomographic image data L1 (%, y), and the
tomographic image data R1 (x, y) to generate the composite
image data TC (x, y). If the echo signals from a structure have
angular dependence, by using the maximum pixel value from
among the three tomographic image data, it becomes possible
to select tomographic image data in which the strength of
echo signals from the structure is relatively high.

[0074] Moreover, if the angular dependence pattern ADP
(x,y) is any of “Pattern AC,” “Pattern AL,” or “Pattern AR,”
the composition part 6 obtains the composite image data TC
(%, y) according to the following formula:

TC(x, y)=Min{C(x, y), L1(x, y), R1(x, )}

[0075] If an artifact has angular dependence, the composi-
tion part 6 generates the composite image data TC (%, y) using
the minimum pixel value from among the three tomographic
image data. In other words, the composition part 6 selects the
minimum pixel value from among the tomographic image
data C (x, y), the tomographic image data L1 (%, y), and the
tomographic image data R1 (x, y) to generate the composite
image data TC (X, y). In other words, the composition part 6
assigns a weight of “0” to the minimum pixel value, and
assigns a weight of “0” to pixel values other than the mini-
mum value, and performs weighted addition of the tomo-
graphic image data C (X, y), the tomographic image data [.1
(%, y), and the tomographic image data R1 (x, y) to generate
the composite image data TC (x, y). If an artifact has angular
dependence, by using the minimum pixel value from among
the three tomographic image data, it becomes possible to
select tomographic image data in which the signal strength of
the artifact is relatively low.
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[0076] If the angular dependence pattern ADP (x, y) is
“Pattern 0,” the composition part 6 obtains the composite
image data TC (x, y) according to the following formula:

TC(x, Y)={C(x, W+L1(x, y)+R1(x, y)}/3

[0077] Inother words, the composition part 6 generates the
composite image data TC (x, y) by averaging all of the tomo-
graphic image data. p According to a composition method of
the modified example described above, if the echo signals
from a structure have angular dependence, tomographic
image data with the highest sensitivity is selected, and if an
artifact has angular dependence, tomographic image data
with the lowest sensitivity is selected. Based on these factors,
it becomes possible to generate images with high sensitivity
for structures and unnoticeable artifacts. As a result, com-
pared to images based on artifacts, the visibility of images
based on biological signals (echo signals from structures)
improves.

Display Controller 7

[0078] The display controller 7 receives the composite
image data TC (x, y) from the composition part 6. Based on
the received composite image data TC (x, y), the display
controller 7 displays a composite image on a display 81.

User Interface (UI) 8

[0079] The user interface (UI) 8 includes the display 81 and
the operation part 82. The display 81 is configured by a
display device such as a CRT or a liquid crystal display. The
operation part 82 is configured by an input device such as a
keyboard or a mouse.

Controller 9

[0080] The controller 9 controls the actions of each part of
the ultrasound diagnosis apparatus. For example, the control-
ler 9 controls the transmission and reception of ultrasound
waves by the transceiver 2.

[0081] It should be noted that a composition process for
three tomographic image data has been described, but three or
more tomographic image data may be composed. Moreover,
the ultrasound diagnosis apparatus of the present embodi-
ment may compose multiple volume data, and may compose
multiple three-dimensional image data.

Modified Example of Compound Scan

[0082] The following is a description of a modified
example of a compound scan, with reference to FIG. 4. FIG.
4 is a diagram showing the concept of a scan. In this modified
example, the ultrasound probe 1 deflects ultrasound waves at,
forexample, five different deflection angles and transmits and
receives ultrasound waves. Moreover, based on received echo
signals, the ultrasound diagnosis apparatus generates five
tomographic image data that have different deflection angles.
Under the control of the controller 9, the transceiver 2 deflects
ultrasound waves at a first deflection angle, a second deflec-
tion angle, a third deflection angle, a fourth deflection angle,
and a fifth deflection angle and transmits and receives ultra-
sound waves. As described above, the first deflection angle is
0°. The second deflection angle is the angle of the most
leftward deflection in FIG. 4. The third deflection angle is the
angle of the most rightward deflection in FIG. 4. The fourth
deflection angle is an angle between the first deflection angle
and the second deflection angle. The fifth deflection angle is
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an angle between the first deflection angle and the third
deflection angle. The first deflection angle, the second deflec-
tion angle, the third deflection angle, the fourth deflection
angle, and the fifth deflection angle may be input by the
operator using the operation part 82.

[0083] Theimage-generating part 4 generates tomographic
image data C that is based on ultrasound waves deflected at
the first deflection angle. Moreover, it generates tomographic
image data L1 that is based on ultrasound waves deflected at
the second deflection angle. Moreover, it generates tomo-
graphic image data R1 that is based on ultrasound waves
deflected at the third deflection angle. Moreover, it generates
tomographic image data L2 that is based on ultrasonic waves
deflected at the fourth deflection angle. Moreover, it gener-
ates the tomographic image data R2 that is based on the
ultrasound waves deflected at the fifth deflection angle. FIG.
4 shows each tomographic image data. The tomographic
image data C shown in FIG. 4 is image data in which ultra-
sound waves have been deflected at the first deflection angle
(deflection angle of 0°). The tomographic image data L1 is
image data based on ultrasound waves deflected at the second
deflection angle (most leftward in FIG. 4). The tomographic
image data R1 is image data based on ultrasound waves
deflected at the third deflection angle (most rightward in FIG.
4). The tomographic image data .2 is image data based on
ultrasound waves deflected at the fourth deflection angle (left
sidein FIG. 4). The tomographic image data R2 is image data
based on ultrasound waves deflected at the fifth deflection
angle (right side in FIG. 4). The tomographic image data C,
the tomographic image data L1, the tomographic image data
R1, the tomographic image data [.2, and the tomographic
image data R2 are composed by the composition part 6. As a
result of this composition, the composite image data TC is
generated.

[0084] Even in a case in which ultrasound waves are trans-
mitted and received by deflecting ultrasound waves at five
deflection angles as described above, the calculator 5 uses
tomographic image data with great differences in the deflec-
tion angle. In other words, the calculator 5 uses the tomo-
graphic image data C (x, y) in which the deflection angleis 0°,
the tomographic image data L1 (x, y) in which the ultrasound
waves have been deflected most leftward, and the tomo-
graphic image data R1 (X, y) in which the ultrasound waves
have been deflected most rightward to obtain the angular
dependence pattern ADP (X, y) for each pixel (x, y). This is
because by using tomographic image data with great differ-
ences in the deflection angle, the trend of the angular depen-
dence becomes clear.

[0085] As described above, the composition part 6 changes
the weights of each tomographic image data according to the
angular dependence pattern ADP (X, y). Based on this, the
composition part 6 weighs each tomographic image data and
composes them. In the present modified example, the com-
position part 6 changes the weights of the pixels (x, y) of each
of the tomographic image data C (X, y), the tomographic
image data L1 (X, y), the tomographic image data [.2 (x, y),
the tomographic image data R1 (X, y), and the tomographic
image data R2 (X, y) according to the angular dependence
pattern ADP (x, y). Based on this weighting, the composition
part 6 composes the tomographic image data C (x, y), the
tomographic image data .1 (x, y), the tomographic image
data L2 (x, y), the tomographic image data R1 (x, y), and the
tomographic image data R2 (x, y). In this way, the composi-
tion part 6 generates the composite image data TC (x, y). By
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performing the above composition for each pixel (%, y), the
composition part 6 generates the composite image data TC (x,
y) for each pixel (%, y). The composition part 6 outputs the
composite image data TC (x, y) to the display controller 7.
[0086] Furthermore, even in cases in which ultrasound
waves are deflected at seven or more deflection angles to
transmit and receive ultrasound waves, the ultrasound diag-
nosis apparatus may obtain the angular dependence pattern
ADP (%, y) by using tomographic image data with great
differences in deflection angle.

[0087] The respective functions of the image-generating
part 4, the calculator 5, the composition part 6, and the display
controller 7 may be executed by programs. In one example,
the image-generating part 4, the calculator 5, the composition
part 6, and the display controller 7 may each be configured by
a processing device (not shown) and a memory device (not
shown). The processing device may be configured by a CPU,
a GPU, or an ASIC, etc. The memory device may be config-
ured by a ROM, a RAM, or an HDD, etc. The memory device
stores an image-generating program, a calculation program, a
composition program, and a display processing program. The
image-generating program executes the functions of the
image-generating part 4. The composition program executes
the functions of the composition part 6. The calculation pro-
gram executes the functions of the calculator 5. The display
processing program executes the functions of the display
controller 7. Moreover, the calculation program includes a
difference-calculating program and an angular-dependence
determination program. The difference-calculating program
executes the functions of the difference-calculating part 51.
The angular-dependence program executes the functions of
the angular-dependence determination part 52. The process-
ing device such as a CPU executes the functions of each part
by executing each program stored in the memory.

Actions

[0088] The following is a description of a series of actions
performed by the ultrasound diagnosis apparatus according to
the first embodiment, with reference to FIG. 5. FIG. 5 is a
flowchart showing a series of actions performed by the ultra-
sound diagnosis apparatus according to the first embodiment.

Step S01

[0089] First, under the control of the controller 9, the trans-
ceiver 2 changes the deflection angle and transmits and
receives ultrasound waves. For example, the transceiver 2
deflects ultrasound waves at the first deflection angle (deflec-
tion angle of 0°), the second deflection angle, and the third
deflection angle and transmits and receives ultrasound waves.
The image-generating part 4 generates the tomographic
image data C in which the ultrasound waves have been
deflected at the first deflection angle, as shown in FIG. 2, for
example. Moreover, it generates the tomographic image data
L1 in which the ultrasound waves have been deflected at the
second deflection angle. Moreover, it generates the tomo-
graphic image data R1 in which the ultrasound waves have
been deflected at the third deflection angle. The image-gen-
erating part 4 outputs the tomographic image data to the
calculator 5 and the composition part 6.

Step S02

[0090] The difference-calculating part 51 obtains the dif-
ferences between multiple tomographic image data in which
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the deflection angles of the ultrasound waves are different.
Then, the difference-calculating part 51 obtains the absolute
value of each difference that has been obtained. For example,
the difference-calculating part 51 obtains the differences
between the tomographic image data C (x, y), the tomo-
graphic image data L1 (x, y), and the tomographic image data
R1 (x,y)foreachpixel (x,y). Then, the difference-calculating
part 51 obtains the absolute values CR (x, y), CL (%, y), and
LR (x, y) of each difference that has been obtained.

Step S03

[0091] Based on combinations of the absolute values of the
differences obtained by the difference-calculating part 51, the
angular-dependence determination part 52 obtains the angu-
lar dependence pattern ADP (x, y) for each pixel (x, y). The
angular-dependence determination part 52 outputs pattern
information indicating the angular dependence pattern ADP
(%, y) to the composition part 6.

Step S04

[0092] The composition part 6 changes the weight of each
pixel (x, y) of multiple tomographic image data according to
the angular dependence pattern ADP (X, y) of each pixel (x,
y). Based on this weighting, the composition part 6 composes
multiple tomographic image data. For example, the compo-
sition part 6 changes the weights of the pixels (x, y) of each of
the tomographic image data C (x, y), the tomographic image
data L1 (x, y), and the tomographic image data R1 (x, y)
according to the angular dependence pattern ADP (x, y).
Based on this weighting, the composition part 6 composes the
tomographic image data C (X, y), the tomographic image data
L1 (%, y), and the tomographic image data R1 (x, y) to gen-
erate the composite image data TC (x, y) for each pixel (x, y).
The composition part 6 outputs the composite image data TC
(%, y) to the display controller 7.

Step S05

[0093] Thedisplay controller 7 displays a composite image
based on the composite image data TC (x, y) on the display
81.

[0094] As described above, according to the ultrasound
diagnosis apparatus according to the first embodiment, if
echo signals from a structure have angular dependence, by
averaging tomographic image data with high sensitivity from
among multiple tomographic image data, it becomes possible
to prevent decreases in sensitivity caused by averaging.
Moreover, if an artifact has angular dependence, by averaging
tomographic image data with low sensitivity from among
multiple tomographic image data, it becomes possible to
restrain increases of artifacts caused by averaging. Based on
these factors, it becomes possible to generate images with
high sensitivity for structures and unnoticeable artifacts. As a
result, compared to images based on artifacts, the visibility of
images based on biological signals (echo signals from struc-
tures) improves.

Second Embodiment

[0095] The following is a description of an ultrasound diag-
nosis apparatus according to a second embodiment, with
referenceto FIG. 6. FIG. 6 is a block diagram of an ultrasound
diagnosis apparatus according to the second embodiment.
The uvltrasound diagnosis apparatus according to the second
embodiment includes a calculator SA and a composition part
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6A instead of the calculator 5 and the composition part 6 of
the first embodiment. Configurations other than the calculator
5A and the composition part 6A are identical to those of the
ultrasound diagnosis apparatus according to the first embodi-
ment, and descriptions thereof are therefore omitted. As one
example, a case is described in which, as in the first embodi-
ment, ultrasound waves are deflected at a first deflection
angle, a second deflection angle, and a third deflection angle,
and the tomographic image data C (X, y), the tomographic
image data L1 (%, y), and the tomographic image data R1 (x,
y) are generated.

Calculator SA

[0096] Based on multiple tomographic image data that
have different deflection angles of the ultrasound waves, the
calculator 5A obtains angular dependence information ADI
(%, y) indicating the trend of the angular dependence for each
pixel (x, y). As shown in the following formula, the absolute
value of the difference in the pixel values of the tomographic
image data L1 (X, y) and the tomographic image data R1 (x,y)
is defined as the angular dependence information ADI (x, y).

ADI(x, p)=IL1(x, »)-R1(x, y)|

[0097] This shows that the greater the angular dependence
information ADI (X, y) is, the greater the degree of angular
dependence becomes. The calculator 5A outputs the angular
dependence information ADI (x, y) to the composition part
6A.

Composition Part 6A

[0098] The composition part 6A averages multiple tomo-
graphic image data that have different deflection angles of the
ultrasound waves. As a result of this averaging, the composi-
tion part 6A generates composite image data. For example,
the composition part 6 A averages the tomographic image data
C (%, y), the tomographic image data L1 (x, y), and the
tomographic image data R1 (%, y). As a result of this averag-
ing, the composition part 6A generates the composite image
data TC (x, y).

[0099] Moreover, by composing the angular dependence
information ADI (X, y) onto the composite image data TC (x,
y), the composition part 6A generates superimposed image
data TI (x, y). For example, the composition part 6A com-
poses the angular dependence information ADI (x, y) onto
any one of the R signal (Red signal), G signal (Green signal),
and B signal (Blue signal) of the composite image data TC (x,
y). The operator may, for example, use the operation part 82
to designate the signal onto which the angular dependence
information ADI (%, y) is composed. As one example, if the
angular dependence information ADI (X, y) is composed onto
the B signal, the composition part 6A generates the superim-
posed image data T1 (x, y) (R, G, B) according to the follow-
ing formulae:

R signal of TI(x, y)=TCl(x, y)
G signal of TI(x, y)=TC(x, y)

B signal of TI(x, y)=TC(x, y)+ADI (x, y)

[0100] The composition part 6A outputs the superimposed
image data T1 (x, y) to the display controller 7. The display
controller 7 displays a superimposed image based on the
superimposed image data T1 (x, y) on the display 81.
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[0101] As described above, the composition part 6A com-
poses the angular dependence information ADI (x, y) onto the
composite image data TC (x, y). As a result of this composi-
tion, the composition part 6 A causes parts where the angular
dependence is great (i.e., the angular dependence information
ADI is great) to be displayed with the color of the composed
component emphasized. For example, if the angular depen-
dence information ADI (%, y) is composed onto the B signal,
the part where the angular dependence information ADI (X, y)
has been composed is displayed with a tincture of blue. If the
angular dependence is great, that is, if the angular dependence
information ADI is great, the blue is displayed in a bolder
shade according to the size of the angular dependence infor-
mation ADI. As a result, it is easier for the operator to dis-
criminate between the structure of an organism and an arti-
fact.

[0102] It should be noted that, although a composition pro-
cess involving three tomographic image data has been
described, as in the first embodiment, three or more tomo-
graphic image data may be composed. Moreover, multiple
volume data may be composed, and multiple three-dimen-
sional image data may be composed.

[0103] Moreover, the first embodiment and the second
embodiment may be combined. For example, the composi-
tion part 6A may compose the angular dependence informa-
tion ADI (x, y) onto the composite image data TC (x, y)
generated by the composition part 6 according to the first
embodiment.

[0104] The respective functions of the calculator SA and
the composition part 6A may be executed by programs. As
one example, the calculator SA and the composition part 6A
may be respectively configured by a processing device (not
shown) and a memory device (not shown). The processing
device may be configured by a CPU, a GPU, or an ASIC, etc.
The memory device may be configured by a ROM, a RAM, or
an HDD, etc. The memory device stores a calculation pro-
gram and a composition program. The calculation program
executes the functions of the calculator 5A. The composition
program executes the functions of the composition part 6A.
The processing device, which is, for example, a CPU,
executes the functions of each part by executing each program
stored in the memory.

Actions

[0105] The following is a description of a series of actions
performed by the ultrasound diagnosis apparatus according to
the second embodiment, with reference to FIG. 7. FIG. 7is a
flowchart showing a series of actions performed by the ultra-
sound diagnosis apparatus according to the second embodi-
ment.

Step S10

[0106] First, under the control of the controller 9, the trans-
ceiver 2 changes the deflection angle and transmits and
receives ultrasound waves. For example, the transceiver 2
deflects ultrasound waves at the first deflection angle (deflec-
tion angle of 0°), the second deflection angle, and the third
deflection angle and transmits and receives ultrasound waves.
As shown in FIG. 2, the image-generating part 4 generates the
tomographic image data C in which the ultrasound waves
have been deflected at the first deflection angle. Moreover, it
generates the tomographic image data L1 in which the ultra-
sound waves have been deflected at the second deflection
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angle. Moreover, it generates the tomographic image data R1
in which the ultrasound waves have been deflected at the third
deflection angle. The image-generating part 4 outputs the
tomographic image data to the calculator SA and the compo-
sition part 6A.

Step S11

[0107] The calculator SA obtains the angular dependence
information ADI (x, y) for each pixel (x, y) based on the
multiple tomographic image data that have different deflec-
tion angles for the ultrasound waves. For example, the calcu-
lator 5A defines the absolute value of the difference in pixel
values between the tomographic image data L1 (x, y) and the
tomographic image data R1 (x, y) as the angular dependence
information ADI (X, y). The calculator 5A outputs the angular
dependence information ADI (x, y) to the composition part
6A.

Step S12

[0108] The composition part 6A averages the multiple
tomographic image data that each different deflection angles
for the ultrasound waves. As a result of this averaging, the
composition part 6A generates composite image data. For
example, the composition part 6A averages the tomographic
image data C (X, y), the tomographic image data L1 (X, y), and
the tomographic image data R1 (X, y). As a result of this
averaging, the composition part 6 generates the composite
image data TC (X, y).

Step S13

[0109] The composition part 6A composes the angular
dependence information ADI (X, y) onto the composite image
data TC (x, y). As a result of this composition, the composi-
tion part 6A generates the superimposed image data T1 (x, y).
For example, the composition part 6 A composes the angular
dependence information ADI (x, y) onto the B signal of the
composite image data TC (x, y). The composition part 6A
outputs the superimposed image data TI (x, y) to the display
controller 7.

Step S14

[0110] The display controller 7 displays a superimposed
image based on the superimposed image data TI (x, y) on the
display 81.

[0111] As described above, according to the ultrasound
diagnosis apparatus according to the second embodiment, the
angular dependence information ADI (X, y) is composed onto
the composite image data TC (x, y). As a result of this com-
position, parts where the angular dependence is great (i.e., the
angular dependence information ADI is great) are displayed
in the color of the composed component (e.g., blue) empha-
sized. If the angular dependence is great (i.e., if the angular
dependence information ADI is great), the blue color, for
example, is displayed in a bolder shade, thereby making it
easier for the operator to discriminate between the structure
of'an organism and an artifact.

Third Embodiment

[0112] The following is a description of an ultrasound diag-
nosis apparatus according to a third embodiment. As in the
first embodiment, the ultrasound diagnosis apparatus accord-
ing to the third embodiment also obtains the angular depen-
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dence pattern ADP (X, y) of multiple images (each pixel in the
images) obtained by a compound scan. Moreover, it is also
similar in that each image is assigned weights. However,
unlike the first embodiment, the third embodiment changes
the composition method according to the imaging area or the
trend. In other words, in accordance with the part, etc. shown
inanimage, a setting is made for either a composition method
in which the pixels of each weighted image are averaged, or a
composition method using the maximum or minimum values
of each weighted image.

[0113] For example, for an image showing a part where
random noise such as speckles is easily occurred, the imple-
mentation of smoothing with the composition method of
averaging weighted images is more effective for eliminating
the noise. In contrast, for an image showing a structure such
as the cross-section of a blood vessel, it is effective to generate
an image with high sensitivity through the composition
method using the maximum value of each weighted image.
Moreover, for such an image, it is effective to generate an
image in which artifacts are unnoticeable through the com-
position method using the minimum value of each image.

Composition-Method Setting Screen

[0114] In the third embodiment, a memory (not shown) in
the ultrasound diagnosis apparatus stores image data of a
setting screen for the composition method. The setting screen
for the composition method is not shown in the diagrams. The
setting screen for the composition method includes a display
field for setting the “Imaging area or Trend.” Imaging areas in
the display field include, for example, ablood vessel or aliver,
etc. For trends, the likelihood of noise occurrence is displayed
in steps, for example. When the operator uses the operation
part 82 to select an imaging area or a trend from among the
items displayed on the display field, the selected information
is output to the controller 9.

[0115] In the memory (not shown), composition methods
corresponding to the imaging area or trend are stored in
advance. The controller 9 reads out from the memory a com-
position method corresponding to the information of, for
example, the imaging area selected in the composition
method setting screen.

[0116] It should be noted that this is not limited to a con-
figuration in which the controller 9 reads out a corresponding
composition method based on the angular dependence pat-
tern. Other examples include configurations such as the fol-
lowing. When an angular dependence pattern is obtained, the
angular dependence pattern is displayed. At the same time, at
least one tomographic image is displayed. At this point, the
operator is able to refer to the displayed tomographic image
and the obtained angular dependence pattern. In this example,
the composition method setting screen is provided with a
display field that displays multiple types of composition
methods. When the operator uses the operation part 82 to
select a composition method from among the items displayed
in this display field, the information is sent to the controller 9.
[0117] The controller9 outputs the composition method set
as described above to the composition part 6.

Composition Method
[0118] The following is a description of the generation of
the composite image data TC (x, y) by the composition part 6
of the third embodiment.
Case of Pattern SC

[0119] If the angular dependence pattern ADP (x, y) is
“Pattern SC”” and “Imaging area is a blood vessel” is selected,
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the composition part 6 obtains the composite image data TC
(%, y) according to the following formula:

TC(x, y)=Max {C(, ¥), L1(x, »), R1(x, »)}

[0120] In other words, the same weighting is assigned to
each tomographic image data and the maximum pixel value is
selected to generate the composite image data TC (x, y). It
should be noted that the definition of Pattern SC is the same as
in the first embodiment.

[0121] Furthermore, if the angular dependence pattern
ADP (x, y) is “Pattern SC” and “low degree of noise occur-
rence” is selected as the image trend, the composition part 6
obtains the composite image data TC (x, y) in the same
manner as in the above case in which “Imaging area is a blood
vessel” is selected.

[0122] If the angular dependence pattern ADP (x, y) is
“Pattern SC” and “Imaging area is a liver” is selected, the
composition part 6 obtains the composite image data TC (x,
y) according to the following formula:

TC(x, y)={C(x, y)+L1(x, ¥)+R1(x, y)}/3

[0123] In other words, the tomographic image data are
assigned the same weight and added. In this way, the compo-
sition part 6 generates the composite image data TC (x, y).
[0124] If the angular dependence pattern ADP (x, y) is
“Pattern SC” and “high degree of noise occurrence” is
selected as the image trend, the composition part 6 obtains the
composite image data TC (x, y) in the same manner as in the
above case in which “Imaging area is a liver” is selected.

Case of Pattern SL

[0125] If the angular dependence pattern ADP (x, y) is
“Pattern SL”” and “Imaging area is a blood vessel” is selected,
the composition part 6 obtains the composite image data TC
(%, y) according to the following formula:

TC(x, y)=Max{C(x, y), L1(x, »), R1(x, »)}

[0126] Furthermore, the same applies even if the angular
dependence pattern ADP (x, y) is “Pattern SL” and “low
degree of noise occurrence” is selected as the image trend.
[0127] Ifangular dependence pattern ADP (x,y) is “Pattern
SL” and “Imaging area is a liver” is selected, the composition
part 6 obtains the composite image data TC (x, y) according to
the following formula:

TC(x, y)={C(x, y)+L1(x, y)}/2

[0128] Furthermore, the same applies even if the angular
dependence pattern ADP (x, y) is “Pattern SL”” and “high
degree of noise occurrence” is selected as the image trend.

Case of Pattern SR

[0129] If the angular dependence pattern ADP (x, y) is
“Pattern SR and “Imaging area is a blood vessel” is selected,
the composition part 6 obtains the composite image data TC
(X, y) according to the following formula:

TC(x, y)=Max{C(, y), L1(x, y), R1(x, )}

[0130] Furthermore, the same applies even if angular
dependence pattern ADP (X, y) is ‘“Pattern SR” and “low
degree of noise occurrence” is selected as the image trend.

[0131] If the angular dependence pattern ADP (x, y) is
“Pattern SR and “Imaging area is a liver” is selected, the
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composition part 6 obtains the composite image data TC (X,
y) according to the following formula:

TC(x, y)={C(x, ¥)+R1(x, ¥)}/2

[0132] Furthermore, the same applies even if angular
dependence pattern ADP (x, y) is “Pattern SR” and “high
degree of noise occurrence” is selected as the image trend.

Case of Pattern AC

[0133] If the angular dependence pattern ADP (x, y) is
“Pattern AC” and “Imaging area is a blood vessel” is selected,
the composition part 6 obtains the composite image data TC
(%, y) according to the following formula:

TC(x, y)=Min{C(x, y), L1(x, ¥), R1(x, »)}

[0134] The composition part 6 uses the minimum pixel
value from among the multiple tomographic image data to
generate the composite image data TC (x, y). Furthermore,
the same applies even if the angular dependence pattern ADP
(x,y)is “Pattern AC” and “low degree of noise occurrence” is
selected as the image trend.

[0135] If the angular dependence pattern ADP (x, y) is
“Pattern AC” and “Imaging area is a liver” is selected, the
composition part 6 obtains the composite image data TC (x,
y) according to the following formula:

TC(x, y)={L1(x, y)+R1(x, y)}/2

[0136] Thecomposition part 6 assigns a weight of “0” to the
tomographic image data C (X, y) and a weight of “0.5” to the
tomographic image data L1 (X, y) and the tomographic image
data R1 (x, y). Based on this weighting, the composition part
6 adds the tomographic image data C (x, y), the tomographic
image data L1 (%, y), and the tomographic image data R1 (x,
y). As a result of this addition, the composition part 6 gener-
ates the composite image data TC (x, y). Furthermore, the
same applies even if the angular dependence pattern ADP (x,
y) is “Pattern AC” and “high degree of noise occurrence” is
selected as the image trend.

Case of Pattern AL

[0137] If the angular dependence pattern ADP (x, y) is
“Pattern AL” and “Imaging area is a blood vessel” is selected,
the composition part 6 obtains the composite image data TC
(%, y) according to the following formula:

TC(x, y)=Min{C(x, »), L1(x, »), R1(x, »)}

[0138] The composition part 6 uses the minimum pixel
value from among the multiple tomographic image data to
generate the composite image data TC (%, y). Furthermore,
the same applies even if the angular dependence pattern ADP
(x,y)is “Pattern AL and “low degree of noise occurrence” is
selected as the image trend.

[0139] If the angular dependence pattern ADP (%, y) is
“Pattern AL” and “Imaging area is a liver” is selected, the
composition part 6 obtains the composite image data TC (x,
y) according to the following formula:

TC(x, y)={C(x, y)+R1(x, y)}/2

[0140] Thecomposition part 6 assigns a weight of “0” to the
tomographic image data L1 (X, y) and a weight of “0.5” to the
tomographic image data C (x, y) and the tomographic image
data R1 (x, y). Based on this weighting, the composition part
6 adds the multiple tomographic image data. As a result of this
addition, the composition part 6 generates the composite
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image data TC (x, y). Furthermore, the same applies even if
the angular dependence pattern ADP (x, y) is “Pattern AL”
and “high degree of noise occurrence” is selected.

Case of Pattern AR

[0141] If the angular dependence pattern ADP (x, y) is
“Pattern AR and “Imaging area is a blood vessel” is selected,
the composition part 6 obtains the composite image data TC
(%, y) according to the following formula:

TC(x, y)=Min{C(x, y), L1(x, y), R1(x, ¥)}

[0142] The composition part 6 uses the minimum pixel
value from among the multiple tomographic image data to
generate the composite image data TC (X, y). Furthermore,
the same applies even if the angular dependence pattern ADP
(x,y)1s “Pattern AR” and “low degree of noise occurrence” is
selected as the image trend.

[0143] If the angular dependence pattern ADP (x, y) is
“Pattern AR” and “Imaging area is a liver” is selected, the
composition part 6 obtains the composite image data TC (x,
y) according to the following formula:

TC(x, p)={Clx, )+L1(x, »)}/2

[0144] Thecomposition part 6 assigns a weight of “0” to the
tomographic image data R1 (x, y) and a weight of “0.5” to the
tomographic image data C (X, y) and the tomographic image
data L1 (x, y). Based on this weighting, the composition part
6 adds the multiple tomographic image data. As a result of this
addition, the composition part 6 generates the composite
image data TC (x, y). Furthermore, the same applies even if
the angular dependence pattern ADP (x, y) is “Pattern AR”
and “high degree of noise occurrence” is selected as the image
trend.

Case of Pattern 0

[0145] If the angular dependence pattern ADP (x, y) is
“Pattern 0,” regardless of the information selected on the
composition method selection screen, the composition part 6
obtains the composite image data TC (X, y) according to the
following formula:

TC(x, y)={C(x, y)+L1(x, ¥)+R1(x, y)}/3

[0146] By performing the above composition for each pixel
(X, ¥), the composition part 6 generates the composite image
data TC (x, y) for each pixel (%, y). The composition part 6
outputs the composite image data TC (x, y) to the display
controller 7.

Threshold-Value Setting Screen

[0147] Inthethird embodiment, the memory (notshown)of
the ultrasound diagnosis apparatus stores a setting screen for
threshold values for pixel values, etc. that define the angular
dependence pattern. In other words, the threshold values Th1,
Th2, Th3 used for determining whether the first to sixth
conditions described above are met are input via the thresh-
old-value setting screen. This threshold-value setting screen
is not shown in the diagrams. As described above, the thresh-
old value Th1 is the threshold value for the absolute value CR
(X, y). The threshold value Th2 is the threshold value for the
absolute value CL (X, y). The threshold value Th3 is the
threshold value for the absolute value LR (%, y).

[0148] The threshold-value setting screen is provided with
aninput field for the threshold value Th1, an input field for the
threshold value Th2, and an input field for the threshold value



US 2012/0157850 Al

Th3. When the operator uses the operation part 82 to input a
threshold value into any of the input fields, the input threshold
value and the type thereof (Th1, Th2, or Th3) is output to the
controller 9.

[0149] It should be noted that the threshold-value setting
screen is not necessarily of a configuration including input
fields for each of the threshold value Thl, the threshold value
Th2, and the threshold value Th3. For example, a display field
in which combinations of threshold values may be selected
for each “imaging area” or “image trend”” may be provided.
The “imaging area” and “image trend” are the same as those
in the description of the composition method setting screen.
As one example, in the display field of the threshold-value
setting screen, combinations of the threshold value Th1, the
threshold value Th2, and the threshold value Th3 for cases of
“Imaging area is a blood vessel” are selectable. Moreover, as
another example, combinations of the threshold value Th1,
the threshold value Th2, and the threshold value Th3 for cases
in which the image trend shows a “high degree of noise
occurrence” are selectable.

[0150] When the operator uses the operation part 82 to
select an item in the display field, the selected combination of
threshold values is output to the controller 9.

[0151] The controller 9 sends the input or selected combi-
nation of threshold values to the angular-dependence deter-
mination part 52. The angular-dependence determination part
52 uses the threshold values Thl, Th2, Th3 to obtain the
angular dependence pattern ADP (x, y) for each pixel (x, y).
[0152] Furthermore, the third embodiment may be applied
even in cases in which ultrasound waves are deflected at five
deflection angles to transmit and receive ultrasound waves, or
cases in which ultrasound waves are deflected at seven or
more deflection angles to transmit and receive ultrasound
waves. Moreover, the third embodiment may be applied to an
ultrasound diagnosis apparatus in combination with the sec-
ond embodiment. Moreover, the third embodiment has been
described using only examples in which the imaging area is a
“blood vessel” or a “liver,” but of course, in the various setting
screens, other imaging areas may be selected, etc. Moreover,
the “degree of noise occurrence” has been described as the
image trend, but the image trend may be displayed using other
expressions. Moreover, in the third embodiment, it is suffi-
cient if any one of the change in the composition method and
the change in the threshold value may be performed, and it is
not always necessary to perform both processes.

[0153] As described above, according to the ultrasound
diagnosis apparatus according to the third embodiment, the
composition method is changed according to the imaging
area or the image trend. In other words, if the echo signals
from a structure have angular dependence, it is possible to
switch between performing averaging and using the maxi-
mum value according to the imaging area or the image trend.
Moreover, if an artifact has angular dependence, it is possible
to switch between performing averaging and using the mini-
mum value according to the imaging area or the image trend.

[0154] That is, depending on the situation, harmonization
between suppression of both decreases in sensitivity caused
by averaging and increases in artifacts are suppressed, and the
elimination of noises is achieved. Based on these factors, it
becomes possible to generate images with high sensitivity for
structures and unnoticeable artifacts. As a result, compared to
images based on artifacts, the visibility of images based on
biological signals (echo signals from structures) improves.
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[0155] Furthermore, in combination with the second
embodiment, the angular dependence information ADI (X, y)
is composed onto the composite image data TC (x, y). As a
result of this composition, parts in which the angular depen-
dence is great (i.e., the angular dependence information ADI
is great) are displayed with the color of the composed com-
ponent (e.g., blue) emphasized. If the angular dependence is
great (i.e., if the angular dependence information ADI is
great), the blue color (for example) is displayed in a bolder
shade, thereby making it easier for the operator to discrimi-
nate between the structure of an organism and an artifact.
[0156] While certain embodiments have been described,
these embodiments have been presented by way of example
only, and are not intended to limit the scope of the inventions.
Indeed, the novel embodiments described herein may be
embodied in a variety of other forms; furthermore, various
omissions, substitutions and changes in the form of the
embodiments described herein may be made without depart-
ing from the spirit of the inventions. The accompanying
claims and their equivalents are intended to cover such forms
or modifications as would fall within the scope and spirit of
the inventions.

EXPLANATION OF THE SYMBOLS

[0157] 1: Ultrasound probe

[0158] 2: Transceiver

[0159] 3: Signal-processing part
[0160] 4: Image-generating part
[0161] 5, 5A: Calculator

[0162] 6, 6A: Composition part
[0163] 7: Display controller

[0164] 8: User interface (UI)

[0165] 9: Controller

[0166] 51: Difference-calculating part
[0167] 52: Angular-dependence determination part

1. An ultrasound diagnosis apparatus comprising:

an image-capturing part that deflects ultrasound waves at a
plurality of different deflection angles, transmits ultra-
sound waves to a subject, receives echo signals from said
subject, and generates a plurality of ultrasound image
data in which said deflection angles of said ultrasound
waves are different for each;

a calculator that, based on said plurality of ultrasound
image data, obtains the trend of the angular dependence
of said plurality of ultrasound image data on said deflec-
tion angles; and

a composition part that weighs each of said plurality of
ultrasound image data in accordance with the trend of
said angular dependence, and composes said plurality of
ultrasound image data.

2. The ultrasound diagnosis apparatus according to claim

1, wherein

said calculator obtains the differences between said plural-
ity of ultrasound image data, and obtains the trend of
said angular dependence based on a combination of said
differences.

3. The ultrasound diagnosis apparatus according to claim

2, wherein

said calculator obtains, based on the combination of said
differences, the direction of deflection angles in which
either the strength of echo signals from a structure in said
subject or the signal strength of an artifact becomes
relatively high as the trend of said angular dependence,
and
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said composition part composes, from among said plural-
ity of ultrasound image data, ultrasound image data at
deflection angles in which the strength of said echo
signals from said structure becomes relatively high.

4. The ultrasound diagnosis apparatus according to claim

3, wherein

said image-capturing part deflects said ultrasound waves at
a first deflection angle to generate a first ultrasound
image data at said first deflection angle, deflects said
ultrasound waves at a second deflection angle different
from said first deflection angle to generate a second
ultrasound image data at said second deflection angle,
and deflects said ultrasound waves at a third deflection
angle on the opposite side of said second deflection
angle in relation to said first deflection angle to generate
a third ultrasound image data at said third deflection
angle,

said calculator obtains a first difference between said first
ultrasound image data and said second ultrasound image
data, a second difference between said first ultrasound
image data and said third ultrasound image data, and a
third difference between said second ultrasound image
data and said third ultrasound image data, and based on
said first difference and said second difference, obtains
the direction of deflection angles in which either the
strength of said echo signals from said structure or the
signal strength of said artifact becomes relatively high,
and based on said third difference, determines which of
either the strength of said echo signals from said struc-
ture or the signal strength of said artifact becomes rela-
tively high, and

said composition part composes, if the strength of said
echo signals from said structure becomes relatively
high, ultrasound image data in which the strength of said
echo signals from said structure becomes relatively high
from among said first ultrasound image data, said second
ultrasound image data, and said third ultrasound image
data, and if the signal strength of said artifact becomes
relatively high, composes ultrasound image data in
which the signal strength of said artifact becomes rela-
tively low from among said first ultrasound image data,
said second ultrasound image data, and said third ultra-
sound image data.

5. The ultrasound diagnosis apparatus according to claim

4, wherein

said calculator
compares a preset first threshold value with said first
difference and compares a preset second threshold
value with said second difference, thereby determin-
ing whether the strength of echo signals from a struc-
ture inside said subject or the signal strength of an
artifact is dependent on either of said second deflec-
tion angle or said third deflection angle, and
compares a preset third threshold value with said third
difference, thereby determining which of either the
strength of said echo signals from said structure or the
signal strength of said artifact becomes relatively
high.
6. The ultrasound diagnosis apparatus according to claim

5, further comprising:

16
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a user interface that is used for setting said first threshold
value, said second threshold value, and said third thresh-
old value, wherein

said calculator, based on said first threshold value, said
second threshold value, and said third threshold value
set in said user interface, compares the first threshold
value with said first difference, compares the second
threshold value with said second difference, and com-
pares the third threshold value with said third difference.

7. The ultrasound diagnosis apparatus according to claim

4, further comprising:

a user interface that is used for specifying an imaging area
of said ultrasound image; and

a memory that associates and stores a plurality of compo-
sition methods by said composition part with the direc-
tion of said deflection angle, a determination result of
which of either the strength of said echo signals from
said structure or the signal strength of said artifact is
relatively high, and said specified imaging area,

wherein said composition part, based on the direction of
said deflection angle obtained by said calculator and said
determination result as well as said imaging area, selects
one of said composition methods, and composes ultra-
sound image data based on this composition method.

8. An ultrasound diagnosis apparatus comprising:

an image-capturing part that deflects ultrasound waves at a
plurality of different deflection angles, transmits ultra-
sound waves to a subject, receives echo signals from said
subject, and generates a plurality of ultrasound image
data in which said deflection angles of said ultrasound
waves are different for each;

a calculator that, based on said plurality of ultrasound
image data, obtains the trend of the angular dependence
of said plurality of ultrasound image data on said deflec-
tion angles;

a composition part that generates composite image data by
composing said plurality of ultrasound image data, and
composes information indicating the trend of said angu-
lar dependence on said composite image data.

9. The ultrasound diagnosis apparatus according to claim

, wherein

said calculator obtains the differences between said plural-
ity of ultrasound image data, and obtains the trend of
said angular dependence based on said differences.

10. The ultrasound diagnosis apparatus according to claim

, wherein

said composition part composes on said composite image
data information indicating the trend of said angular
dependence as a prescribed color.

11. The ultrasound diagnosis apparatus according to claim

, wherein

said composition part composes on said composite image
data information indicating the trend of said angular
dependence as a prescribed color.
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